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Introduction
Two-photon Polymerization (TPP) Mechanism
In 1931, Maria Goeppert-Mayer theoretically described the process of two-photon adsorption (TPA), in which interactions between two photons and one atom/molecule take place during a single quantum event [S1] . As an essential part of TPA process, the collective action of two photons must be present simultaneously to impart enough energy to induce the transition [S2] (See Figure 1b) . To obtain nano/micro-objects with high spatial resolution by making use of TPA polymerization, efficient emission by photosensitiseris of significant importance [S3-4] .When a high intensity laser pulse beam is precisely focused into the small focal volume of photosensitive material, the photosensitiser chromophore is excited by the simultaneous absorption of two photons and emits fluorescent light in the UV-vis regime, which is generally used to enhance two-photon activation. Photoinitiators with high photochemical activity then absorb the emitted fluorescent light and generate radicals (Initiation). The radicals serve as the activator react with monomers or oligomers, producing monomer radicals to expand in a chain reaction (Propagation) until two radicals meet (Termination) [S5-6] . The TPP procedure can be described as follows:
Initiation: [S7-8] . RPS has enabled high throughput micro-particle-by-particle and cells analysis since the 1950s, submicron particles including viruses since the 1970s, particles as small as single molecules over the past decades, and has inspired a particularly intense interest in nanohole-based DNA sequencing analysis recently [S9-11] .
To set up the resistive-pulse sensing system, two reservoirs separated by a hole structure are filled with electrolytes ( Figure 5b and Figure S10 ). In measurement, the resistance of hole is monitored by applying a voltage between the reservoirs, which drives a flux of electrolyte ions through it and detecting a current flowing from the voltage source. Transient ionic current changes caused by the translocation of analytes through the hole structure are denoted as "blockade events", whose magnitude is closely related to the analyte properties [S12] . As shown in eqns (1) and (2), where is the resistivity of electrolyte, d is the analytes diameter and D is the hole diameter, the magnitude of current blockade increases significantly as the analytes expand the size.
To date, a plethora of opening hole structures have been investigated for RPS analysis, including solid-state holes (e.g., silicon-based membranes) via photolithographic etching, protein holes (e.g. α-hemolysin) via self-assembly and polymer holes (e.g., PET) via track etching [S13] . The breadth of this field can be inferred by the utilization of varied hole materials including carbon nanotubes, micropipettes, silicon nitride and polymer materials, as well as the diverse techniques for hole fabrication, such as ion beam sculpting, track etching, laser melting, electron beam and soft lithography. However, absolute control over the 3D geometric features of hole structures still remains a significant challenge for conventional fabrication techniques.
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Experimental Methods
Development Process for 3D Hollow Microstructures
After DLW process, organic solvents were used to fully remove the unexposed, uncrosslinked photoresist materials both trapped inside and anchored outside the 3D hollow microstructures [S14] (Figure S2a) . Corresponding organic solvents development systems for each type of investigated photoresist were listed in Table S2 . Determining factors affecting the development process, including development time, opening hole size and interior hollow volume, were experimentally explored and are comprehensively discussed. One significant parameter affecting the opening quality is the development time. As shown in Figure S2b , it needs at least 12 hrs to completely develop the hollow micropore structure with a 3 µm-sized circular opening. As the opening size was increased, the minimum required time to finish the development process was dramatically decreased (Figure S2c) . The built-in opening components play a crucial role in the formulation of interior hollow components and facilitate the wash-away process of the un-reacted resist material trapped inside the hollow part (Green-circled area). Since the volume of the hollow part was fixed, the uncross-linked resist materials trapped inside could be fully removed within a shorter period of time when the opening size was increased, thus correspondingly reduce the minimum required development time (e.g., 1µm-sized opening: 24 hrs vs 6 µm-sized opening: 6 hrs).
Additionally, it has been shown that when the opening size was fixed, the minimum required development time to obtain workable 3D hollow microstructures would be linearly increased with the volume size of the hollow part ( Figure S2d) . For instance, when the volume size of hollow part was small (~4×10 5 µm 3 ) , the minimum required development (T Min ) was around 9 hrs. As the hollow part was increased to 13×10 5 µm 3 , the T Min increased to 28 hrs S6 correspondingly. For the hollow microstructures, the amount of unreacted resist material trapped inside increased correspondingly as the volume size of the hollow part was enlarged.
Therefore, to fully remove the uncross-linked resist materials for the microstructures with a larger-sized hollow part, the minimum required development time would be increased. This study on the post-development aspects provides significant insight into the precise fabrication of tailored 3D hollow microstructures with accurately defined hollow components.
Laser Ablation of Substrate Microhole for 3D Hollow Micropore
The 3D hollow micropore structure used for resistive-pulse analysis was assembled on the plastic PET substrate. To realize the resistive-pulse analysis function of the micropore system, substrate hole (Ø~100 µm) beneath the hollow micropore structure was firstly created using our proposed laser ablation technique. To start with, the plastic PET substrate (7 Mil thick, with protective film on both sides) was cleaned by 5 mins ultrasonic treatment.
The cleaned plastic substrate was then mounted onto the Nanoscribe-controlled XYZ piezo stage. The 3D ablation process was performed using the laser pulses generated by a modelocked Ti: sapphire femtosecond laser system (780 nm, 80 MHz, 100 fs). The output from the femtosecond laser source had a Gaussian intensity profile that tightly focused within the PET substrate through a 25X objective lens (0.8 NA). To precisely prepare the through cylindrical micro-holes in plastics, a three-step processing scheme (two FAST ablation steps plus one SLOW polish step) was performed.
In laser ablation process, the input fluence level was set to 0.4 J·cm -2 , the scanning speed was at 70 k μm/s. Figure S9 shows the micro-hole structure (Ø: 100 µm) fabricated by the laser ablation technique. The micro-hole has sharp edges and a clean sidewall, without any S7 observable non-defined bulges that would indicate the re-solidification of heat-induced melting debris that form in classical laser ablation processes. After the micro-hole fabrication in PET substrate, we then dropped the photoresist (~80 µL) to fully cover the laser ablated micro-hole. With the aid the incorporated CCD camera, the initial direct-writing position was aligned with the central position of ablated micro-hole. After this, the processed .STL file containing geometric information of the 3D hollow micropore structure was imported into the Nanoscribe system for the direct laser writing process. Table S1 . Minimum required development time for openings with distinct geometric shapes Table S2 . 3D hollow micropore structures (Circular opening 3um in diameter) prepared using different types of photoresists and processing conditions. These structures show good biocompatibility. Figure S4 . AFM characterization of the surface roughness of the hollow micro-needle surface coated with Pt film (Thickness: ~50 nm ) [S15] Excellent [S16] Good [S17] Good [S18] Excellent [S19] Coating Table S3 . Tunable surface conductivity of the hollow microelectrode structure. Pt conducting layer was uniformly coated using a metal material sputtering system. The distance between two measured points: ~ 1cm S12 Figure S6 . Manipulable microneedle array structure, prepared using IP-S photoresist.
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Fluence level: 50%, scanning speed: 50k µm/s. 
